12 United States Patent

Iwafuchi et al.

US008786041B2
(10) Patent No.: US 8.786,041 B2
45) Date of Patent: Jul. 22, 2014

(54)

(75)

(73)

(%)

(21)
(22)

(65)

(30)

Feb. 18,2011  (JP)
May 10, 2011  (JP)

SOLID-STATE IMAGING APPARATUS

Inventors: Toshiaki Iwafuchi, Kanagawa (IP);
Masahiko Shimizu, Kanagawa (JP);
Hirotaka Kobayashi, Tokyo (JP)

Assignee: Sony Corporation, Tokyo (IP)

Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 170 days.

Appl. No.: 13/357,883

Filed: Jan. 25, 2012

Prior Publication Data
US 2012/0211852 Al Aug. 23, 2012

Foreign Application Priority Data

2011-033690
2011-105241

(51) Imt. CL.
HOIL 27/146 (2006.01)
(52) U.S. CL
USPC .., 257/435; 2577/E27.13
(58) Field of Classification Search
CPC .o HO1L 27/14618; HOI1L 27/14627;
HO1L 27/14625; HO1L 2224/48091; HOIL
2'7/14621; HOIL 27/14685; HO4N 5/2257;
HO4N 5/2253; HO4N 5/2254
LOWER RAY
E UPPER RAY
LOWER RAY | /

\  CHIEF RAY

110a 110

USPC 257/431-435
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2010/0176476 Al* 7/2010 Takayamaetal. ............ 257/432

FOREIGN PATENT DOCUMENTS

2006-222249 8/2006
OTHER PUBLICATIONS

JP

U.S. Appl. No. 13/352,846, filed Jan. 18, 2012, Shimizu, et al.
* cited by examiner

Primary Examiner — David Vu
Assistant Examiner — Jonathan Han

(74) Attorney, Agent, or  Firm — Oblon,
McClelland, Maier & Neustadt, L..L.P.

Spivak,

(57) ABSTRACT

A solid-state imaging apparatus includes: a solid-state imag-
ing device photoelectrically converting light taken by a lens;
and a light shielding member shielding part of light incident
on the solid-state imaging device from the lens, wherein an
angle made between an edge surface of the light shielding
member and an optical axis direction of the lens 1s larger than
an imcident angle of light to be incident on an edge portion of
the light shuelding member.

51 Claims, 21 Drawing Sheets

l — a— a——

113



US 8,786,041 B2

Sheet 1 of 21

Jul. 22, 2014

U.S. Patent

sgkm

Ay

iiii!i;i

S&%}&

AT

b Ol



U.S. Patent Jul. 22, 2014 Sheet 2 of 21 US 8,786,041 B2

FIG.2

10a 13

11

r L 77 i/,\‘ \*

10 12

FIG.3

LOWER RAY

LOWER RAY iUPI?ER RAYE 1

'-‘ "..‘ \ ) : |
OHEFRAY RN

| \ R
\ \‘||| | 31

13

o\

N\ \
A\

N LN\ 11
R T W s \

10a 10



U.S. Patent Jul. 22, 2014 Sheet 3 of 21 US 8,786,041 B2

FIG.4

o
UPPER RAY %
\
LOV_VER RAY \ LOWEIR RAY
-: A
. NN

., CHEFRAY '\,

.

\ 31

N\

13

\

0a




U.S. Patent Jul. 22, 2014 Sheet 4 of 21 US 8,786,041 B2

F1G.S

| OWER RAY UPPE{R RAY
CHIEF RAY \
N

\
\

- = as i aE EE I Y IS S N A I Ty P I e e .

13

Ad’
7’

%

10a 10

START PROCESSING OF FORMING
LIGHT SHIELDING MEMBER

PRINT MATERIAL FOR PRINTING ON IRCF

O

NO

YES

END



U.S. Patent Jul. 22, 2014 Sheet 5 of 21 US 8,786,041 B2

FIG.7

31

MATERIAL FOR PRINTING



US 8,786,041 B2

Sheet 6 of 21

Jul. 22, 2014

U.S. Patent

0Ll
bl e0L1

47 ohl

ell ¢
I VO VU N W

7777777777 gﬁiﬂl\k\s‘\ N
N AN NN

NN AR V,vé PODADATINS é‘ NV NN

8 Il

L L L LS




US 8,786,041 B2

of 21

Sheet 7

Jul. 22, 2014

U.S. Patent

1

€0}l

m//

N\

_,, /

TIDZ NN

" , Zr

::::::: “_.......... m J AVY 43IHD _
| \. .._"_. AV HIMOT
AVY ¥3ddn
AVY HIMOT
6 9l



US 8,786,041 B2

Sheet 8 of 21

Jul. 22, 2014

U.S. Patent

I-—{\\\\ \k-

g I
NN

\

L LLL

% Chl

0L 9l



U.S. Patent Jul. 22, 2014 Sheet 9 of 21 US 8,786,041 B2

FIG. 11

31

:jj

213 !\)\_)\_._3_‘__ - \
(LSS

F1G.12

31

sis

21 \\\\\ L\

VIIIIIII




US 8,786,041 B2

Sheet 10 of 21

Jul. 22, 2014

U.S. Patent

0Ll
el cli Ele 4 Ell
272222227 1|l l 77777777777

NN AR N NN N A N

LLL L
433 452

LLE

&Il



US 8,786,041 B2

Sheet 11 of 21

Jul. 22, 2014

U.S. Patent

0Ll

g

13
4% 433

v Ol

chl chl e a1 ehl
e I1Il“ 'II e

AL Ll
////i’x?lz

(L L L L LS



U.S. Patent Jul. 22, 2014 Sheet 12 of 21 US 8,786,041 B2

501

FIG.15

'Y\

A
002
004



US 8,786,041 B2

Sheet 13 of 21

Jul. 22, 2014

U.S. Patent

- =
D

)

91 Ol



U.S. Patent Jul. 22, 2014 Sheet 14 of 21 US 8,786,041 B2

¥

FIG.17

R ¢

502



US 8,786,041 B2

Sheet 15 of 21

Jul. 22, 2014

U.S. Patent

ww7:31%1d ONIGTIIHS 1HOIT 40 ONINIJO

L 9 G 14 3 T4
6

O

{a M
[Wwwly:¥31IANVIQ SNIT

Lo

04~0

ﬂ-

o0

Wp=H HLONIT
w04 NIHM @ FTONV LND

081 9l

(Ww]:31¥1d ONIATIIHS LHOIT 40 ONINIdO
/ g G % ¢ Z

6
umFIOF

e

-

0

LD
(wwly:¥31IAVIA SNIT

ﬂ-

WWw8=H HLONJT
TYJI04 NIHM @ JT1ONV LND

g8l Jid

(WW]7: 3LV 1d ONIATIIHS LHOIT 40 ONINIdO

M

O

Lo

(Ww]y:4313NYIA SNIT

#

WW8=H H19IN41
Y304 NIHM @ JTONV LND

v8l Old



U.S. Patent Jul. 22, 2014 Sheet 16 of 21 US 8,786,041 B2

FIG.19

START PROCESSING OF FORMING
LIGHT SHIELDING MEMBER

FORM OPENING AND GUIDE HOLE IN
LIGHT SHIELDING MEMBER S111

PRESS OPENING 5112
FORM ADHESIVE TAPE S113

BOND LIGHT SHIELDING MEMBER TO ADHESIVE TAPE S114

CUT UNNECESSARY PORTIONS OF LIGHT S115
SHIELDING MEMBER




U.S. Patent Jul. 22, 2014 Sheet 17 of 21 US 8,786,041 B2

502
502

552

S
N
O
LL N
<]
| L

FIG.20B
;v




U.S. Patent Jul. 22, 2014 Sheet 18 of 21 US 8,786,041 B2

ON
-
L0

562

||||II 561

FIG.21

502a




US 8,786,041 B2

Sheet 19 of 21

Jul. 22, 2014

U.S. Patent

}185

| oiss ) Ewm
NS~ 7 7 7 7 s‘ VAT, /
e NN NN NN
s~ )0 PO VA7

| |
85 |69

< [AAN)] =

w<v/ /S S S S S S
Q8 NN OO OO OO OO
eigs v/ /.~ /] S]] S S

/

|86

vce Ol



US 8,786,041 B2

Sheet 20 of 21

Jul. 22, 2014

U.S. Patent

e18%

109

EL8S

185

418G , IA
777 IV 7 D T 777

A

1 8G

JEC Il
SO AR

15 ! I
Q189

.\\\\\-“\\LI\\\-\\\

| 8G

S XAV |

0185~ 7
4185 ~RN N

\\\\\-\\\\ I§I§

1 8S

vEC Il



US 8,786,041 B2

Sheet 21 of 21

Jul. 22, 2014

U.S. Patent

P W
T o I \
s~ 7T A V7 W TATT

| |
L 8G L9

gv¢ Ild

C0G B y == N

-
PO~ N
evss v /S SN VS SA NS S

\

185

V¢ Old



US 8,786,041 B2

1
SOLID-STATE IMAGING APPARATUS

FIELD

The present disclosure relates to a solid-state imaging >
apparatus and particularly relates to a solid-state 1maging
apparatus capable of suppressing generation of flare and
ghost.

BACKGROUND 10

In recent years, chip shrink tends to make progress due to
introduction of a leading-edge process also 1n an 1mage sen-
sor 1n the solid-state imaging apparatus 1n the same manner as
other semiconductor chips. Accordingly, it 1s possible to con- 15
sider to design the 1image sensor so that bonding pads are
arranged within a lens effective diameter when designing the
solid-state 1maging apparatus in which the image sensor 1s
connected to a substrate by wire bonding.

However, 1n such case, there 1s a danger of generating flare 20
or ghost as light incident from the lens 1s reflected on surfaces
of wires (metal wires) connected to the bonding pads and
enters a light receiving surface on the 1image sensor.

In respond to this, there 1s disclosed a solid-state 1maging,
apparatus which includes a light shielding member for shield- 25
ing light 1n light from the lens incident on the periphery of the
bonding pads arranged on the image sensor (for example,
JP-A-2006-222249 (Patent Document 1)).

According to the above, 1t 1s possible to suppress flare and
ghost caused by light incident from the lens being reflected on 30
the surfaces of the metal wires connected to the bonding pads
and entering the light recerving surface on the 1mage sensor.

SUMMARY
35

In manufacturing processes of the solid-state imaging
apparatus, a position of the light shielding member 1n the
image sensor has given variation with respect to the position
on design.

For example, as shown on the left of FIG. 1, when a dis- 40
tance between an end portion of a light receiving surface 1a of
an 1mage sensor 1 and an edge portion of an opening of a light
shielding member 3 bonded to a surface of an IRCF (Infrared
Ray Cut Filter) 4 facing the image sensor 1 1s “d1”, incident
light represented by a bold arrow 1s shielded by the light 45
shielding member 3 and does not reach a metal wire 2. Even
when the 1incident light 1s reflected on an edge surface of the
opening of the light shuelding member 3, the reflected light
does not reach the light recerving surface 1a of the image
sensor 1. Assume that the incident light represented by the 50
bold arrow 1n the drawing 1s light whose incident angle on the
image sensor 1 1s the largest of incident light from a not-
shown lens. Also, assume that the edge surface of the opening
of the light shielding member 3 1s parallel to an optical axis
direction (direction from top to bottom in the drawing) of the 55
lens.

On the other hand, as shown on the night of FIG. 1, the
distance between the end portion of the light receiving surface
1a of the image sensor 1 and the edge portion of the opening
of the light recerving member 3 1s “d2”, incident light repre- 60
sented by a bold arrow 1s shielded by the light shielding
member 3 and does not reach the metal wire 2. However,
when the incident light 1s retlected on the edge surface of the
opening of the light shielding member 3, the reflected light
enters the light receiving surface 1a on the image sensor 1. 65

In this case, flare or ghost caused by reflected light from the
surface of the metal wire 2 connected to the bonding pad can

2

be suppressed, however, tlare or ghost 1s caused due to
reflected light from the edge surface of the opening of the

light shielding member 3.

In view of the above, it 1s desirable to suppress generation
of flare and ghost.

An embodiment of the present disclosure 1s directed to a
solid-state imaging apparatus including a solid-state imaging,
device photoelectrically converting light taken by a lens, and
a light shielding member shielding part of light incident on
the solid-state 1maging device from the lens, 1n which an
angle made between an edge surface of the light shielding
member and an optical axis direction of the lens 1s larger than
an incident angle of light to be incident on the edge surface of
the light shuelding member.

The angle made between the edge surface of the light
shielding member and the optical axis direction of the lens
may be larger than the incident angle of light whose incident
angle 1s the largest of light incident on an edge portion of the
light shielding member.

Pads to which metal wires connected to a substrate are
connected may be provided at an peripheral portion of a light
receiving surface of the solid-state 1maging device, and 1t 1s
possible that the pads are not arranged on an area closer to the
light receiving surface 1n areas defined by an intersection
between a surface of the solid-state 1imaging device and a
virtual extension surface of the edge surface of the light
shielding member.

The light receiving surface of the solid-state imaging
device receives light incident from an opening of the substrate
having the opening, and 1t 1s possible that an edge surface of
the opening does not intersect the virtual extension surface of
the edge surface of the light shielding member.

The solid-state 1maging apparatus may further include a
sealing member sealing a gap on the light recerving surface of
the solid-state imaging device, 1n which the light shielding
member may be provided on a surface of the sealing member
facing the lens or a surface thereof facing the solid-state
imaging device.

A side surface of the sealing member may be configured
not to itersect the virtual extension surface of the edge sur-
face of the light shielding member.

The shielding member may be formed by printing a mate-
rial for printing on an optical filter arranged on an optical path
once or plural times.

According to the embodiment of the present disclosure, the
angle made between the edge surface of the light shielding
member and the optical axis direction of the lens 1s allowed to
be larger than the incident angle of light to be incident on the
edge portion of the light shuielding member.

According to the embodiment of the present disclosure,
generation of flare and ghost can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s views for explaining reflection on an edge surface
of an opening of a related-art light shielding member;

FIG. 2 1s a view showing an example of an exterior struc-
ture of a solid-state 1maging device to which the present
disclosure 1s applied;

FIG. 3 1s a view for explaining a position of a light shield-
ing member and an angle made at an edge surface thereof;

FIG. 4 1s a view for explaining the position of the light
shielding member and the angle made at the edge surface
thereof;

FIG. 5 1s a view for explaining the position of the light
shielding member and the angle made at the edge surface
thereof:;
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FIG. 6 1s a flowchart for explaining processing of forming,
the light shuelding member;

FIG. 7 1s a view for explaining printing of a material for
printing as the light shielding member;

FI1G. 8 1s a view for explaining reflection on an edge surface
of an opening of a substrate of a flip-chip structure;

FIG. 9 1s a view showing a structure example of a solid-
state imaging apparatus of the tlip-chip structure to which the
present disclosure 1s applied;

FIG. 10 1s a view showing another structure example of the
solid-state 1imaging apparatus of the thip-chip structure;

FIG. 11 1s a view showing a structure example of a solid-
state imaging apparatus 1n which cavity-less 1s realized;

FIG. 12 1s a view showing a structure example of the
solid-state imaging apparatus in which cavity-less 1s realized;

FIG. 13 1s a view showing a structure example of the
solid-state imaging apparatus in which cavity-less 1s realized;

FIG. 14 1s a view showing a structure example of the
solid-state imaging apparatus in which cavity-less 1s realized;

FIG. 15 1s a cross-sectional view of a solid-state imaging,
apparatus in which a periphery of an edge portion of the
opening of the light shielding member 1s folded;

FIG. 16 1s a view for explaining conditions of reflection of
incident light at an upper surface of a folded portion of the
light shielding member;

FI1G. 17 1s a view for explaining conditions of transmission
of incident light at the edge surface of the opening of the light
shielding member;

FIGS. 18A to 18C shows graphs for explaining values of an
cut angle to be made at the edge surface of the opening of the
light shielding member;

FI1G. 19 1s a flowchart for explaining processing of forming,
the light shuelding member by metal molds;

FIGS. 20A and 20B are views for explaining formation of
the light shuelding member by metal molds;

FIG. 21 1s a view for explaining formation of the light
shielding member by metal molds;

FIGS. 22 A and 22B are views for explaiming formation of
the light shielding member by metal molds;

FIGS. 23 A to 23C are views for explaining formation of the
light shielding member by metal molds; and

FIGS. 24 A and 24B are views for explaining formation of
the light shuelding member by metal molds.

DETAILED DESCRIPTION

Hereinafter, an embodiment of the present disclosure will
be explained with reference to the drawings. The explanation
will be made 1n the following order.

1. Solid-state 1maging apparatus of a wire bonding struc-
ture

2. Solid-state imaging apparatus of a thp-chip structure

3. Example of a solid-state imaging apparatus in which
cavity-less 1s realized

4. Example of forming a light shielding member by metal
molds
<1. Solid-State Imaging Apparatus of a Wire Bonding Struc-
ture>
| Exterior Structure of a Solid-State Imaging Apparatus]

FIG. 2 1s a view showing a structure of a solid-state imag-
ing device according to an embodiment to which the present
disclosure 1s applied.

A solid-state 1maging apparatus of FIG. 2 includes a
CMOS 1mage sensor 10 (hereinaiter referred to merely as the
image sensor 10) as an optical sensor, metal wires 11 con-
necting the image sensor 10 to a not-shown substrate electri-
cally, a passive component 12 mounted on the not-shown
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4

substrate and a light shielding member 13 shielding part of
light incident on the 1mage sensor 10 from a not-shown lens.

The 1mage sensor 10 has a light recerving surface 10a 1n
which umt pixels (heremafter referred to merely as pixels)
having photoelectric conversion devices are two-dimension-
ally arranged 1n a matrix state, detecting a charge amount
corresponding to the amount of light incident on the light
receiving surface 10q as a physical value on a pixel basis.

Bonding pads which are terminals for connecting metal
wires 11 are arranged on a peripheral portion of the image
sensor 10 excluding the light receiving surface 10a, and the
metal wires 11 connected to the bonding pads are connected
to a not-shown substrate by wire bonding.

In the 1mage sensor 10, at least part of the bonding pads 1s
arranged 1n an effective diameter of a not-shown lens.

The light shielding member 13 1s made of a film having a
grven thickness and colored black, having an opening through
which incident light to be incident on the light recerving
surface 10q of the image sensor 10 from the not-shown lens.
The light shielding member 13 1s arranged on an optical path
between the lens and the image sensor 10, which 1s bonded to,
for example, a surface of an IRCF (Infrared Ray Cut Filter) 31
facing the image sensor 10, which 1s an optical filter including
an mirared ray absorbing material as shown in FIG. 3 to FIG.
5.This 1s because there 1s a danger that incident light from the
lens 1s retlected on a lower surface (surface facing the image
sensor 10) ofthe IRCF 31 to be stray light and causes flare and
ghost when the light shielding member 13 1s bonded to a
surface of the IRCF 31 facing the lens (upper side in the
drawing).

Most of the incident light from the lens 1s incident on the
light recerving surface 10a of the image sensor 10 from the
opening of the light shielding member 13, however, incident
light to be incident on the vicinity of the bonding pads
arranged on the peripheral portion of the image sensor 10 1n
incident light from the lens is shielded by the light shielding
member 13.

Accordingly, it 1s possible to suppress flare and ghost
caused by incident light from the lens being retlected on
surfaces of the metal wires 11 in the vicimity of the bonding,
pads and entering the light recerving surface 10a on the image
sensor 10.

Furthermore, a given angle 1s made with respect to the
optical axis direction of the lens at the edge surface of the
opening of the light shielding member 13, and incident light
to be 1ncident on the edge portion of the opening of the light
shielding member 13 can be transmitted without being
reflected on the edge surface. The angle to be made at the edge
surface ol the opening of the light shielding member 13 can be
obtained by molding the film as the light shielding member 13
by metal molds.

[Positions of the Light Shielding Member and the Angle
Made at the Edge Surface]

Here, positions of the light shielding member 13 with
respect to the image sensor 10 and the angle to be made at the
edge surface of the opening of the light shielding member 13
will be explained with reference to FIG. 3 to FIG. 5. Herein-
after, the edge surface of the opening of the light shielding
member 13 1s appropriately referred to merely as the edge
surface of the light shielding member 13.

The position of the light shielding member 13 with respect
to the 1mage sensor 10 varies to some degree, however, the
image sensor 10 1s manufactured so that the variation will be
within a certain range. Curves shown in FIG. 3 to FIG. 5 are
distribution curves indicating variation in position of the edge
portion (edge surface) of the light shielding member 13. That
1s, the position of the light shielding member 13 shown 1n
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FIG. 4 indicates a position in design and positions of the light
shielding member 13 shown 1n FIG. 3 and FIG. § indicate

positions shifted from the position 1n design by the maximum
error o.

When a chief ray from the lens 1s incident on the light
receiving surface 10a of the image sensor 10 at a certain
incident angle (CRA: Chief Ray Angle), an upper ray and a
lower ray corresponding to the chief ray are incident at
respective incident angles.

In FIG. 3, the upper ray corresponding to the chief ray
incident on the end portion of the light receiving surface 10a
1s not shielded by the light shielding member 13, and the chief
ray, the upper ray and the lower ray corresponding to the chief
ray will be incident on the light receiving surface 10a without
exception.

In FIG. 5, the lower ray transmitted without being shielded
by the light shielding member 13 is set so as not to be retlected
on the metal wires 11.

That 1s, the position of the light shielding member 13 with
respect to the image sensor 10 will be a position where the
chief ray, the upper ray and the lower ray corresponding to the
chuef ray will be incident on the light recetving surface 10a
without exception 1n the edge portion of the opeming of the
light shielding member 13 as well as the lower ray 1s not
incident on the bonding pads (metal wires 11).

When the edge surface of the light shielding member 13 1s
angled with respect to the optical axis direction of the lens so
that the lower ray whose incident angle is the largest of the
chuef ray, the upper ray and the lower ray transmits through
the edge portion of the opening of the light shielding member
13, incident light 1s not reflected on the edge surface of the
light shielding member 13. That 1s, an angle made between
the edge surface of the light shielding member 13 and the
optical axis direction of the lens (hereinafter referred to as an
edge surface angle) may be an angle larger than the incident
angle of the lower ray to be incident on the edge portion of the
opening of the light shielding member 13.

That 1s, when the edge surface angle 1s 0M and the incident
angle of the lower ray 1s OL, it 1s preferable to satisty 0M>0L
as shown 1n FIG. 5. The incident angle OL of the lower ray 1s
represented as the following expression (1) when an incident
angle OU of the upper ray, a distance D between the edge
portion of the light recerving surface 10a and the bonding pad
and a distance (gap length) G between the IRCF 31 and the
surface of the image sensor 10 are used.

OL=arctan [ tan OU+{(D-20)/G}] (1)

Accordingly, the edge surface angle 0M will be given so as
to satisly the following expression (2).

OM>arctan [ tan 0U+{(D-20)/G}] (2)

Specifically, for example, when the CRA of the chief ray 1s
30 degrees, incident angles of the upper ray and the lower ray
corresponding to the chief ray are £10 degrees of the CRA,
therefore, the lower ray 1s not reflected on the edge surface of
the light shielding member 13 by determining the edge sur-
face angle to be 50 degrees including a margin.

Furthermore, the lower ray transmitted through the edge
portion of the opening of the light shielding member 13 1s not
incident on surfaces of the metal wires 11 connected to the
bonding pads as described above. In other words, the bonding
pads for connecting the metal wires 11 are designed not to be
arranged on an area closer to the light recerving surface 10a 1n
areas defined by an intersection between the surface of the
image sensor 10 and a virtual extension surface of the edge
surface of the light shielding member 13.
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According to the above structure, incident light 1s not
reflected on the edge surface of the light shielding member
13, therefore, 1t 1s possible to suppress the generation of flare

and ghost due to reflected light from the edge surface of the
light shielding member 13.
Additionally, the lower ray transmitted through the edge

portion of the opening of the light shielding member 13 1s not
reflected on surfaces of the metal wires 11 connected to the

bonding pads, therefore, 1t 1s also possible to suppress the

generation of tlare and ghost due to reflected light from the
surtaces of the metal wires 11.

Particularly, as the CRA of the chief ray 1s increased, the
incident angle of the lower ray 1s also increased 1n a back-
illuminated 1mage sensor. The edge surface of the light
shielding member 13 1s formed so as to correspond to the
incident angle of the lower ray, thereby suppressing genera-
tion of tlare and ghost.

As the generation of flare and ghost can be suppressed even
when at least part of the bonding pads 1s arranged 1n the
cifective diameter of the lens 1n the 1image sensor 10, there-
fore, the chip size of the image sensor 10 can be reduced.
Accordingly, the theoretical yield can be increased and costs
per one chip can be reduced.

Moreover, the bonding pads can be arranged 1n the vicinity
of the light receiving surface 10a n the image sensor 10,
therefore, the scale of peripheral circuits of the image sensor
10 can be also made small, which allows the process genera-
tion 1n the semiconductor chip to make progress. As a result,
an 1mage sensor responding to the reduction of power con-
sumption and improvement in operation speed can be pro-
vided.

Furthermore, as the chip size of the image sensor 10 can be
reduced, the size of a camera module including the 1mage
sensor 10 can be also reduced, theretfore, the technique can be
applied to a cellular phone with a camera in which miniatur-
1zation 1s particularly demanded.

[Materials for the Light Shielding Member]

Though the light shielding member 13 1s made of the
black-colored film in the above description, the light shield-
ing member 13 can be made of other matenals.

Specifically, for example, the light shielding member 13
can be made by printing materials for printing on the IRCF
31. The matenals for printing are, for example, a carbon filler,
epoxy resin or acrylic resin colored black with dye, an epoxy/
acrylic hybrid resin and so on, which have UV curability or
heat curability. The maternals for printing can be resins having,
normal-temperature curability. As a printing method of the
above materials for printing, a screen printing method, an
ink-jet printing method or the like 1s applied.

[Processing of Forming the Light Shielding Member by
Printing]

Here, the processing of forming the light shielding member
13 by printing will be explained with reference to a flowchart
of FIG. 6.

In Step S11, the matenal for printing 1s printed on the IRCF
31. In Step S12, whether a film thickness 1s suflicient or not 1s
determined. When 1t 1s determined that the film thickness 1s
not suilicient in Step S12, the printed material for printing 1s
cured, then, the process returns to Step S11 and the material
for printing 1s printed again.

On the other hand, when 1t 1s determined that the film
thickness 1s suilicient, the printed material for printing 1s
cured, then, the process ends.

In the case where the material for printing has the UV
curability, the film thickness will be approximately 10 um by
one printing, therefore, the light shielding member 13 having
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a film thickness of approximately 50 um can be obtained by
printing of three or four times.

When the light shielding member 13 1s printed by a liquid
maternial for printing, the edge surface angle of the light
shielding member 13 1s obtained as a contact angle of the
material for printing to be prescribed by wettability of the
IRCF 31, and a cross section thereotf will be as shown 1n FIG.
7. The edge surface angle can be obtained by a manner of
stacking the material for printing in printing of plural times.

Furthermore, the light shielding material 13 can be formed
by, for example, depositing a thin {ilm on the IRCF 31. In this
case, etching 1s performed so that side etching 1s accom-
plished at the time of patterning the opening with respect to
the deposited thin film.

The solid-state imaging apparatus in which the 1mage sen-
sor 1s connected (mounted) on the substrate by wire bonding
has been explained as the above, and a solid-state 1maging
apparatus having a ftlip-chip structure will be explained
below.
<2. Solid-State Imaging Apparatus of a Flip-Chip Structure>
| Related-Art Solid-State Imaging Apparatus of the Flip-Chip
Structure]

FIG. 8 1s a view showing a structure of a related-art solid-
state 1maging apparatus of the tlip-chip structure.

In a solid-state 1imaging apparatus shown in FIG. 8, a
CMOS mmage sensor 110 (hereinatter referred to merely as
the 1image sensor 110) 1s electrically connected to a substrate
111 having an opening through bumps 112. Connecting por-
tions between the 1mage sensor 110 and the substrate 111 by
the bumps 112 are sealed by an under fill (UF) 113 made ol an
epoxy resin and so on. On the opeming of the substrate 111, a
seal glass 114 as a seal member for protecting an upper
portion of a light receiving surface 110a of the 1image sensor
110 1s bonded by a UV-curable adhesive member 115 (FIG.
9). The UV-curable adhesive member 115 can be a heat cur-
able member. The seal glass 114 1s made of a transparent
material transmitting light, and mcident light from a not-
shown lens represented by bold arrows in the drawing 1s
incident on the light receiving surface 110aq of the image
sensor 110 through the seal glass 114. The seal glass 114 can
be the IRCF. In the solid-state 1maging apparatus having the
tflip-chip structure shown 1n FIG. 8, a gap 1s formed between
the surface of the seal glass 114 which faces the light rece1v-
ing surface 110q and the light recerving surface 110a.

In the tlip-chip structure, the light recerving surface 110aq,
the opening of the substrate 111 and an edge surface of the UF
113 are positioned relatively close to one another. Therefore,
reflected light reflected on the opening of the substrate 111 or
the edge surface of the UF 113 1n incident light to be incident
through the seal glass 114 enters the light receiving surface
110a, which may cause the generation of flare and ghost.

Accordingly, as shown 1n FIG. 9, light to be incident on the
opening of the substrate 111 and the edge surface of the UF
113 1n light from the not-shown lens 1s shielded by a light
shielding member 131 by adhering the light shielding mem-
ber 131 to the seal glass 114 as shown in FIG. 9.
| Application of the Light Shielding Member to the Flip-Chip
Structure]

FI1G. 9 1s a view showing a structure of a solid-state imag-
ing apparatus having the flip-chip structure according to the
embodiment to which the present disclosure 1s applied. FIG.
9 shows only a structure of a portion corresponding to a
portion surrounded by a dotted square frame in the solid-state
imaging apparatus of FIG. 8. In the solid-state imaging appa-
ratus of FIG. 9, components corresponding to components of
the solid-state imaging apparatus of FIG. 8 are denoted by the
same symbols.
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In FIG. 9, the light shielding member 131 1s made of a film
having a given thickness and colored black, having an open-
ing through which light to be incident on the light receiving
surface 110a of the 1image sensor 110 from the not-shown lens
in the same manner as the light shielding member 13 of FIG.
2. The light shielding member 131 1s bonded to a surface of
the seal glass 114 facing the image sensor 110. The light
shielding member 131 1s made of the black colored film 1n the
above description, however, the light shielding member 131
can be made of materials for printing to be printed on the seal
glass 144 as well as made of the thin film to be deposited on

the seal glass in the same manner as the light shielding mem-
ber 13 described above.

In the case where the chief ray 1s incident on the light
receiving surface 110a of the image sensor 110 with a certain
CRA, the upper ray and the lower ray corresponding to the
chief ray are also incident at respective incident angles.

When the edge surface of the light shielding member 131 1s
angled with respect to the optical axis direction of the lens so
that the lower ray whose incident angle 1s the largest of the
chuef ray, the upper ray and the lower ray transmits through
the edge portion of the opening of the light shielding member
131, incident light 1s not retlected on the edge surface of the
light shielding member 131. That 1s, the edge surface angle of
the light shielding member 131 will be larger than the incident
angle of the lower ray to be incident on the edge portion of the
opening of the light shielding member 131.

Additionally, a width L of the light shielding member 131
1s designed so that edge surfaces of the opening of the sub-
strate 111 and the UF 113 do not intersect the virtual exten-
s10on surface of the edge surface of the light shielding member
131. That 1s, the lower ray transmitted through the edge por-
tion of the opening of the light shielding member 131 1s not
reflected on the edge surfaces of the opening of the substrate
111 and the UF 113.

According to the above structure, incident light 1s not
reflected on the edge surface of the light shielding member
131 as well as mcident light 1s not reflected on the edge
surfaces of the opening of the substrate 111 and the UF 113,
therefore, 1t 1s possible to suppress the generation of flare and
ghost due to reflected light from the edge surface of the light
shielding member 131, the edge surface of the opening of the
substrate 111 or the edge surface of the UF 113.

Though the seal glass 114 and the opening of the substrate
111 are bonded together by the adhesive member 115 1n FIG.
9, 1t 15 also preferable that the light shielding member 131
bonds the seal glass 114 and the opening of the substrate 111
by using a material having an adhesive function as the light
shielding member 131.

Though the light shielding member 131 1s bonded to the
surface ol the seal glass 114 facing the image sensor 110 1n the
above example, however, 1t 1s also preferable that the light
shielding member 131 1s bonded to the surface opposite to the
surface (surface facing the lens) of the seal glass 114 facing
the 1mage sensor 110 as shown 1 FIG. 10.

The light recetving surface of the image sensor 1s exposed
in the gap (heremafiter referred to as a cavity) in the above
structure of the solid-state 1maging apparatus, therefore, the
image sensor tends to be affected by dust. In response to this,
a solid-state 1imaging apparatus in a structure not having the
cavity (hereinaiter referred to as a cavity-less structure) 1s
proposed for reducing effects of dust in the light recerving
surface of the 1mage sensor.

Here, an example of the solid-state 1maging apparatus of
the cavity-less structure to which the present disclosure 1s
applied will be explained.
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<3. Example of a Solid-State Imaging Apparatus of a Cavity-
Less Structure>

[Cavity-Less Solid-State Imaging Apparatus of the Wire
Bonding Structure

FIG. 11 1s a view showing a structure of a solid-state
imaging apparatus of the wire bonding structure 1in which
cavity-less 1s realized. In the solid-state imaging apparatus of
FIG. 11, components corresponding to components of the
solid-state 1maging apparatuses of FIG. 3 and so on are
denoted by the same symbols.

That 1s, the solid-state imaging apparatus of FIG. 11 has a
structure 1n which a glass layer 211, a light shielding member
212 and a resin layer 213 are newly provided while removing
the light shielding member 13 1n the solid-state imaging appa-
ratuses of FIG. 3 and so on.

The glass layer 211 and the resin layer 213 are made of
transparent materials transmitting light, refractive indexes of
which are higher than air. In the solid-state imaging apparatus
of FIG. 11, the cavity 1s sealed by the glass layer 211 and the
resin layer 213 to thereby realize the cavity-less structure.

Moreover, the light shielding member 212 1s bonded to a
lower surface of the glass layer 211 (surface facing the image
sensor 10). The light shuelding member 212 1s formed by the
same material and shape as the above light shielding member
13.

The width (a length 1n the transverse direction 1n the draw-
ing) of the light shielding member 212 1s designed so that a
side surtace of the resin layer 213 does not intersect a virtual
extension surface of an edge surface of the light shielding
member 212. That 1s, the lower ray transmaitted through the
edge portion of the opening of the light shielding member 212
1s not retlected on the side surface of the resin layer 213.

In manufacturing processes, aiter the light shielding mem-
ber 212 1s bonded to the lower surface of the glass layer 211,
the positioning of the light shielding member 212 1s per-
tormed with respect to the image sensor 10 1n the water level,
then, the glass layer 211 1s bonded to the image sensor 10 with
the resin layer 213. Next, dicing 1s performed to obtain a
single piece, then, the glass layer 211 and the resin layer 213
are cut for exposing a bonding pad portion. After that, the
exposed bonding pad portion is cleaned to thereby form bond-
ing pads as terminals. It 1s also preferable that the glass layer
211 1s bonded to the image sensor 10 with the resin layer 213
after the image sensor 10 1s formed as a chip. In this case, the
process of cleaning the exposed bonding pad portion can be
omitted.

Also 1n the solid-state imaging apparatus of the wire bond-
ing structure 1n which cavity-less is realized in the manner as
described above, 1incident light 1s not reflected on the edge
surface of the light shielding member 212, therefore, it 1s
possible to suppress the generation of flare and ghost due to
reflected light from the edge surface of the light shielding
member 212.

Moreover, the lower ray transmitted through the edge sur-
face portion of the light shielding member 212 1s not retlected
on the side surface of the resin layer 213, therefore, it 1s also
possible to suppress the generation of flare and ghost due to
reflected light from the side surface of the resin layer 213.

The structure in which the light shielding member 212 1s
bonded to the lower surface of the glass layer 211 has been
explained as the above, and 1t 1s also preferable to apply a
structure 1n which the light shuelding member 212 1s bonded
to an upper surface of the glass layer 211 as shown in FI1G. 12.
In this case, the light shielding member 212 can be bonded to
the upper surface of the glass layer 211 after the glass layer
211, the resin layer 213 and the image sensor 10 are bonded
together, therefore, the accuracy of positioning the light
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shielding member 212 with respect to the image sensor 10 can
be increased. As 1t 1s difficult to angle the edge surface of the
light shielding member 212 using the wettability with respect
to the glass layer 211 1n FIG. 12, the light shielding member
212 made of a black-colored film will be applied.

Also 1n the solid-state imaging apparatus of FIG. 12, the
width of the light shielding member 212 (a length 1n the
transverse direction in the drawing) 1s designed so that the
side surfaces of the glass layer 211 and the resin layer 213 do
not intersect the virtual extension surface of the edge surface
of the light shielding member 212. That 1s, the lower ray
transmitted through the edge portion of the opening of the
light shielding member 212 is not reflected on the side sur-
faces of the glass layer 211 and the resin layer 213.
|Cavity-Less Solid-State Imaging Apparatus of the Flip-Chip
Structure]

FIG. 13 1s a view showing a structure of a solid-state
imaging apparatus of the flip-chip structure in which cavity-
less 1s realized. In the solid-state imaging apparatus of FIG.
13, components corresponding to components of the solid-
state imaging apparatus of FIG. 8 or F1G. 9 are denoted by the
same symbols.

That 1s, the solid-state imaging apparatus of FIG. 13 has a
structure 1n which a glass layer 311, a light shielding member
312 and a resin layer 313 are newly provided while removing
the seal glass 114 and the light shielding member 131 1n the
solid-state 1imaging apparatus of FIG. 8 of FIG. 9.

The glass layer 311 and the resin layer 313 are made of
transparent materials transmitting light, refractive indexes of
which are higher than air. In the solid-state imaging apparatus
of FIG. 13, the cavity 1s sealed by the glass layer 311 and the
resin layer 313 to thereby realize the cavity-less structure.

Moreover, the light shielding member 312 1s bonded to a
lower surface of the glass layer 311 (surface facing the image
sensor 110). The light shielding member 312 1s formed by the
same material and shape as the above light shielding member
131.

The width (a length 1n the transverse direction 1n the draw-
ing) of the light shielding member 312 1s designed so that a
side surtace of the resin layer 313 does not intersect a virtual
extension surface of an edge surface of the light shielding
member 312. That 1s, the lower ray transmitted through the
edge portion of the opening of the light shielding member 312
1s not reflected on the side surface of the resin layer 313.

In manufacturing processes, after the light shielding mem-
ber 312 1s bonded to the lower surface of the glass layer 311,
the positioning of the light shielding member 312 1s per-
formed with respect to the image sensor 110 1n the wafer
level, then, the glass layer 311 1s bonded to the image sensor
110 with the resin layer 313. Then, TSV (Through Silicon
Via) process for piercing through the chip from the front to the
back 1s performed in the 1mage sensor 110 to thereby realize
CSP (Chip Scale Package).

Also 1 the solid-state imaging apparatus of the flip-chip
structure 1n which cavity-less 1s realized, incident light 1s not
reflected on the edge surface of the light shielding member
312 or the edge surfaces of the opening of the substrate 111
and the UF 113, therefore, 1t 1s possible to suppress the gen-
eration of flare and ghost due to reflected light from the edge
surface of the light shielding member 312 or the edge surfaces
of the opening of the substrate 111 and the UF 113.

The structure 1n which the light shielding member 312 1s
bonded to the lower surface of the glass layer 311 has been
explained as the above, and 1t 1s also preferable to apply a
structure 1n which the light shuelding member 312 1s bonded
to an upper surface of the glass layer 311 as shown in FI1G. 14.
In this case, the light shielding member 312 can be bonded to
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the upper surface of the glass layer 311 after the glass layer
311, the resin layer 313 and the image sensor 110 are bonded
together, therefore, the accuracy of positioning the light
shielding member 312 with respect to the image sensor 110
can be increased. As 1t 1s difficult to angle the edge surface of
the light shielding member 312 using the wettability with
respect to the glass layer 311 in FIG. 14, the light shielding
member 312 made of a black-colored film will be applied.

Also 1n the solid-state imaging apparatus of FIG. 14, the
width of the light shielding member 312 (a length 1n the
transverse direction in the drawing) 1s designed so that the
side surfaces of the glass layer 311 and the resin layer 313 do
not intersect a virtual extension surface of the edge surface of
the light shielding member 312. That 1s, the lower ray trans-
mitted through the edge portion of the opening of the light
shielding member 312 1s not reflected on the side surfaces of
the glass layer 311 and the resin layer 313.

In the above description, the light shielding member
includes the opening through which light incident on the light
receiving surface of the image sensor from the lens 1s trans-
mitted, however, the light shielding member may have struc-
tures/shapes corresponding to the arrangement of metal wires
in the wire bonding structure or the shape of the opening of
the substrate 1n the flip chip structure. For example, in the case
where the bonding pads to which metal wires 11 are con-
nected 1n the 1mage sensor 10 of FIG. 2 are arranged only on
the right side, the light shielding member 13 may have the
shape to shield the vicinity of the bonding pads.

Incidentally, 1n recent camera modules, the effective diam-
cter of the lens 1s becoming larger as compared with the size
of the image sensor for the purpose of shortening a focal
length or improving a condensing rate of the lens along with
the miniaturization of the camera modules. In such case, the
incident angle of incident light from the lens becomes further
larger, therefore, 1t 1s necessary to increase the edge surface
angle of the light shielding member so as to correspond to the
incident angle. For example, when the incident angle of 1nci-
dent light from the lens 1s 45 degrees, 1t 1s necessary to
increase the edge surface angle of the light shielding member
to be larger than 45 degrees.

The method of printing the matenal for printing on the
IRCF as one of methods of forming the light shielding mem-
ber having the edge surface angle has been explained as the
above with reference to FIG. 6. However, when the light
shielding member 1s molded by metal molds, for example, 1t
1s difficult to form the light shielding member having a large
edge surface angle such as 45 degrees, and the edge surface
angle will be approximately 30 degrees at the maximum.

Accordingly, an example of forming the light shielding
member having a large edge surface angle by metal molds
will be explained.
<4. Example of Forming the Light Shielding Member by
Metal Molds>

As described above, 1t 1s difficult to form the light shielding
member having the large edge surface angle by the metal
molds, therefore, a given range from an edge portion of the
opening of the light shielding member 1s folded 1n the direc-
tion of the 1image sensor at a given angle, thereby increasing
the edge surface angle.
| Conditions for Suppressing Generation of Flare and Ghost]

FIG. 15 1s a cross-sectional view of a solid-state imaging
apparatus in which a given range from the edge portion of the
opening of the light shuelding member 1s folded 1n the direc-
tion of the 1mage sensor at a given angle.

In the structure shown 1n FI1G. 15, the following two con-
ditions should be satisfied for suppressing generation of tlare
and ghost.
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(1) A reflected light A' obtained by an upper ray A from a
lens 501 being reflected on an upper surface (surface facing
the lens) of a portion (heremnafter referred to as a folded
portion) of an edge portion of the opening of a light shielding
member 502 which 1s folded in the direction of an 1mage
sensor 503 does not enter the 1mage sensor 503.

(2) A lower ray B from the lens 501 is not reflected on the
edge surface of the opening of the light shielding member 502
and transmits through the opening of the light shielding mem-
ber 502. The bonding pads for connecting metal wires 504 are
arranged so that the lower ray B transmitted through the
opening of the light shielding member 502 1s not incident on
the pads.

Here, assume that an effective diameter of the lens 501 1s
“R”, an opening diameter of the light shielding member 502
1s “L°, a distance (focal length) between the lens 501 and the
light shielding member 502 1s “H”, an angle of the folded
portion (hereinafter referred to as an folded angle) with
respect to the light shielding member 502 1s “y” and an angle
(heremafiter referred to as a cut angle) made at the edge
surface of the light shielding member 502 by the molding
processing 1s “¢” in the following description. Moreover,
assume that the incident angle of the upper ray A 1s —0U, the
incident angle of the lower ray B 1s OL and the edge surface
angle (namely, an angle made between the edge surface of the
light shielding member 502 and the optical axis direction of
the lens 501) 1s OM. “-0U” as the incident angle of the upper
ray A indicates an angle on the opposite side of the incident
angle of the upper ray explained with reference to FIG. 5 with
respect to the optical axis direction, therefore, a sign of “~" 1s
gIven.

First, 1n order to satisiy the condition (1), 1t 1s necessary to
allow the angle made between the upper ray A and the
reflected light A' 1s lower than 90°-0U.

That 1s, as shown in FIG. 16, when a segment OP 1s given
in the vertical direction on the upper surface of the folded
portion of the light shielding member 502, i1t 1s necessary that
an angle Z AOP made between the upper ray A and the seg-

ment OP satisfies the following expression (3).

/ AOP<(90°-01))/2 (3)

When a segment OQ) 15 given 1n the optical axis direction of
the lens 501 on the upper surface of the folding portion of the
light shielding member 502, it 1s necessary that an angle
/ QOP made between the segment OQ and the segment OP

satisfies the following expression (4).

£ QOP=(90°-0U)/2+0U=(90°+01))/2 (4)

The angle ¢QOP 1s equal to the folded angle v and the
incident angle —0U of the upper ray A 1s represented by arctan

{(R-L)/2H}, therefore, the following expression (5) should
be satisfied for satistying the condition (1).

v=[90°-arctan {(R-L)2H}]/2 (5)

Next, 0L=0M should be satisfied for satistying the above
condition (2) as shown 1n FI1G. 17. Here, the incident angle 0L
of the lower ray B is represented by arctan {(R+L)/2H},
therefore, the following expression (6) should be satisfied for
satistying the condition (2).

arctan {(R+L)/2H }<OM (6)

As described above, the expression (5) and the expression
(6) should be satistied for satisiying the condition (1) and the
condition (2).

Incidentally, 1t 1s necessary that the edge surface angle 6M
and the folded angle v satisiy the relation of 0M>y, the cut
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angle ¢ should be made at the edge surface of the light
shielding member 502 so as to satisty OM—-y=¢.

That 1s, when the effective diameter R of the lens, the
opening diameter L of the light shielding member 502 and the
tocal length H are fixed by the above expression (5) and the
expression (6), the edge surface angle OM and the folded
angle v satisiying the condition (1) and the condition (2) are
fixed, therefore, the minimum value of the cut angle ¢ to be
made at the edge surface of the light shielding member 502
can be fixed.

FIGS.18A to 18C are graphs explaining ranges of values of
the cut angle ¢ when the effective diameter R of the lens, the
opening diameter L (opening of a light shielding plate) of the
light shielding member 502 and the focal length H are fixed.

FIG. 18 A shows the range of values of the cut angle ¢ when
the focal length H 1s 8 mm, FIG. 18B shows the range of
values of the cut angle ¢ when the focal length H 1s 6 mm.
FIG. 18C shows the range of values of the cut angle ¢ when
the focal length H 1s 4 mm.

Even when the focal length H 1s reduced and the lens
diameter R 1s increased, values of the cut angle ¢ are in arange
from 20° to 30° particularly shown in FIG. 18C, which are
values at which the device can be formed by the metal molds.
That 1s, when the folded potion 1s provided at the edge portion
of the light shielding member, the light shielding member
having the large edge surface angle can be formed by the
metal molds to thereby suppress the generation of flare and
ghost.

[Processing of Forming the Light Shielding Member by
Metal Molds]

Next, the above-described processing of forming the light
shielding member 502 by the metal molds will be explained
with reference to FIG. 19 to FIG. 24B. FIG. 19 1s a tlowchart
explaining the processing of forming the light shielding
member by the metal molds and FIGS. 20A and 20B to FIGS.
24 A and 24B are cross-sectional views of the light shuelding
member 302 and so on processed 1n the processing of forming,
the light shuelding member.

First, in Step S111, an opening and a guide hole for posi-
tioming are formed 1n a plate material to be the light shielding,
member 502.

The light shielding member 502 shown in FIG. 20A 1s, for
example, a plate-shaped member generated by mixing a pow-
der carbon into a resin such as polyester. The plate-shaped
light shielding member 502 1s cut so as to open wide on one
surface (the surface facing the image sensor) by metal molds
551 and 552 to thereby form an opening 502a as shown 1n
FIG. 20B. At this time, a guide hole 5025 1s formed at the
same time. Here, a single-edged blade 1s used for cutting the
opening 502q to utilize suppleness 1n the metal die 552,
thereby forming the opening 502aq with the cut angle ¢ of
approximately 30 degrees.

In Step S112, the opening 5024 1s pressed so that the folded
portion 1s formed 1n the opening 502a of the light shielding,
member 502.

That1s, as shownin FIG. 21, the opening 502a 1s pressed by
the metal molds 561 and 562 to thereby form the folded
portion 1n the opening 502a of the light shielding member
502. At this time, the light shielding member 502 1s positioned
with respect to the metal molds 561 and 562 by the guide hole
5025.

In Step S113, an adhesive tape for supporting the light
shielding member 502 on the 1image sensor 1s formed.

As shown 1n FIG. 22A, an adhesive tape 581 includes a
protection tape 381qa, an adhesive layer 5815 and a protection
tape 581c¢ which are stacked.
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First, as shown 1n FI1G. 22B, an opening 3814, a guide hole
581¢ and a cut 581/ are formed 1n the adhesive tape 581 by
metal molds 591 and 592.

Next, as shown 1n FIG. 23A, unnecessary portions of the
adhesive layer 5815 and the protection tape 581c¢ are peeled
ol by the cut 581/ formed in the adhesive tape 381.

Then, as shown 1n FIG. 23B, another protection tape 601 1s
attached to the protection tape 381¢ of the adhesive tape 581
from which the unnecessary portions are peeled off, thereby
peeling off the protection tape 581c.

In the manner as described above, the adhesive tape 581
shown 1n FIG. 23C 1s formed.

Return to the flowchart of FIG. 19, the light shielding
member 502 and the adhesive tape 581 are bonded to each
other in Step S114. That 1s, as shown 1n FIG. 24 A, the upper
surface (surface facing the lens) of the light shielding member
502 and the adhesive take 581 are bonded to each other by the
adhesive layer 53815 as shown 1n FIG. 24A.

Then, 1 Step S115, an unnecessary portion of the light
shielding member 502 1s cut. That 1s, as shown in FIG. 24B,
the unnecessary portion including the guide hole 5025 of the
light shielding member 502 bonded to the adhesive tape 581
1s cut by metal molds 611 and 612, thereby forming an outer
shape of the light shielding member 502.

According to the above processing, 1t 1s possible to form
the light shielding member having the shape in which the
tolded portion 1s formed at the opening as well as the cut angle
1s made at the edge surtace.

The light shielding member having the similar shape can be
formed by etching metals or other methods, however, costs
are extremely high. On the other hand, the light shielding
member can be formed by cutting and pressing resin materi-
als such as plastic by metal molds according to the above
processing, therefore, the light shielding member can be
manufactured inexpensively as well as on a massive scale,
which can reduce costs for manufacturing the camera mod-
ule.

The present disclosure 1s not limited to the above embodi-
ment and can be variously modified within a scope not depart-
ing from the gist of the present disclosure.

Furthermore, the present disclosure can apply the follow-
ing configurations.

(1) A solid-state imaging apparatus including

a solid-state 1maging device photoelectrically converting,
light taken by a lens, and

a light shielding member shielding part of light incident on
the solid-state imaging device from the lens,

in which an angle made between an edge surface of the
light shielding member and an optical axis direction of the
lens 1s larger than an 1incident angle of light to be incident on
an edge portion of the light shielding member.

(2) The solid-state 1maging apparatus described in the
above (1),

in which the angle made between the edge surface of the
light shielding member and the optical axis direction of the
lens 1s larger than the incident angle of light whose incident
angle 1s the largest of light incident on the edge portion of the
light shielding member.

(3) The solid-state 1maging apparatus described in the
above (1) or (2),

in which pads to which metal wires connected to a substrate
are connected are provided at an peripheral portion of a light
receiving surface of the solid-state imaging device, and

the pads are not arranged on an area closer to the light
receiving surface 1n areas defined by an intersection between
a surface of the solid-state imaging device and a virtual exten-
s1on surface of the edge surface of the light shielding member.
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(4) The solid-state 1imaging apparatus described in the
above (1) or (2),

in which the light receiving surface of the solid-state imag-
ing device receives light incident from an opening of the
substrate having the opening, and

an edge surface of the opening does not intersect the virtual
extension surface of the edge surface of the light shielding
member.

(5) The solid-state 1imaging apparatus described in the
above (3) or (4), further including

a sealing member sealing a gap on the light recerving
surface of the solid-state imaging device,

in which the light shielding member 1s provided on a sur-
face of the sealing member facing the lens or a surface thereof
facing the solid-state imaging device.

(6) The solid-state 1imaging apparatus described in the
above (3),

in which a side surface of the sealing member does not
intersect the virtual extension surface of the edge surface of
the light shuelding member.

(7) The solid-state imaging apparatus described in the
above (2),

in which the shielding member 1s formed by printing a
material for printing on an optical filter arranged on an optical
path once or plural times.

The present disclosure contains subject matter related to

those disclosed 1n Japanese Priority Patent Applications JP
2011-033690 and JP 2011-105241 filed in the Japan Patent

Office on Feb. 18, 2011 and May 10, 2011, respectively, the
entire contents of which are hereby incorporated by refer-
ence.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the

appended claims or the equivalents thereof.

What 1s claimed 1s:

1. A solid-state 1maging apparatus comprising:

a solid-state 1maging device photoelectrically converting,
light taken by a lens; and

a light shielding member shielding part of light incident on
the solid-state 1maging device from the lens,

wherein an angle made between an edge surface of the light
shielding member and an optical axis direction of the
lens 1s larger than an 1incident angle of light to be incident
on an edge portion of the light shielding member.

2. The solid-state imaging apparatus according to claim 1,

wherein the angle made between the edge surface of the
light shuelding member and the optical axis direction of
the lens 1s larger than the incident angle of light whose
incident angle 1s the largest of light incident on the edge
portion of the light shielding member.

3. The solid-state 1maging apparatus according to claim 2,

wherein pads to which metal wires connected to a substrate
are connected are provided at an peripheral portion of a
light recerving surface of the solid-state imaging device,
and

the pads are not arranged on an area closer to the light
receiving surface in arecas defined by an intersection
between a surface of the solid-state imaging device and
a virtual extension surface ol the edge surface of the light
shielding member.

4. The solid-state imaging apparatus according to claim 2,

wherein the light receiving surface of the solid-state imag-
ing device recerves light incident from an opening of a
substrate having the opening, and
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an edge surface ol the opening does not intersect the virtual
extension surface of the edge surface of the light shield-
ing member.

5. The solid-state imaging apparatus according to claim 2,

further comprising:

a sealing member sealing a gap on the light receiving
surface of the solid-state imaging device,

wherein the light shielding member 1s provided on a sur-
face of the sealing member facing the lens or a surface
thereol facing the solid-state imaging device.

6. The solid-state imaging apparatus according to claim 3,

wherein a side surface of the sealing member does not
intersect the virtual extension surface of the edge surface
of the light shielding member.

7. The solid-state imaging apparatus according to claim 5,

wherein the sealing member 1s made of transparent mate-
rials transmitting light.

8. The solid-state imaging apparatus according to claim 7,

wherein the sealing member 1s made of glass or resin.

9. The solid-state imaging apparatus according to claim 2,

wherein the light shielding member 1s formed by printing a
material for printing on an optical filter arranged on an
optical path once or plural times.

10. The solid-state imaging apparatus according to claim 2,

further comprising;

an optical member arranged on an optical path between the
lens and the solid-state image device,

wherein the light shielding member 1s bonded to a surface
of the optical member facing the solid-state 1maging
device.

11. The solid-state 1maging apparatus according to claim

10,
wherein the optical member 1s an infrared ray cut filter.
12. The solid-state 1maging apparatus according to claim
10, further comprising:

a bonding pad arranged on a peripheral portion of the
solid-state 1maging device excluding a light receiving
surface,

wherein the solid-state imaging apparatus 1s configured to
satisfy the following expressions: 0M>arctan [ tan 6U+{
(D-20)/G], wherein OM 1s the angle made between the
edge surface of the light shielding member and the opti-
cal axis, OU 1s an incident angle of an upper ray, D 1s a
distance between the edge portion of the light receiving
surface and the bonding pad, o 1s a deviation from a
position 1n design of the light shielding member, and G
1s a gap length between the optical member and the
solid-state 1imaging device.

13. The solid-state imaging apparatus according to claim 1,

wherein the angle made between the edge surface of the
light shielding member and the optical axis 1s 50
degrees.

14. The solid-state imaging apparatus according to claim 1,

wherein the light shielding member 1s made of an antire-
flection film.

15. The solid-state 1imaging apparatus according to claim

14,

wherein the light shielding member has UV curability or
heat curability.

16. The solid-state 1maging apparatus according to claim

15,

wherein the light shuelding member 1s made of a material
selected from the group consisting of a carbon f{iller,
epoxy resin or acrylic resin colored black with dye and
an epoxy/acrylic hybrid resin.

17. The solid-state imaging apparatus according to claim 9,

wherein the light shielding member 1s colored black.
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18. A solid-state 1maging apparatus comprising:

a solid-state 1maging device photoelectrically converting
light taken by a lens; and

a light shielding member shielding part of light incident on
the solid-state 1maging device from lens,

wherein the light shielding member has an opening, a first
s1ze ol the opening facing the solid-state imaging device
1s greater than a second size of the opening facing the
lens, and

wherein an edge surface of the opeming of the light shield-
ing member forms an angle with respect to an optical
axis direction of the lens.

19. The solid-state 1maging apparatus according to claim
18,
wherein the angle made between the edge surface of the
light shuelding member and the optical axis direction of
the lens 1s larger than the incident angle of light whose
incident angle 1s the largest of light incident on the edge
portion of the light shielding member.
20. The sohid-state 1maging apparatus according to claim
19,
wherein pads to which metal wires connected to a substrate
are connected are provided at an peripheral portion of a
light receiving surface of the solid-state imaging device,
and
wherein the pads are not arranged on an area closer to the
light receiving surface 1n areas defined by an intersection
between a surface of the solid-state imaging device and
a virtual extension surface of the edge surface of the light
shielding member.
21. The solid-state imaging apparatus according to claim
19,
wherein the light receiving surface of the solid-state imag-
ing device recerves light incident from an openming of a
substrate having the opening, and
an edge surface of the opening does not intersect the virtual
extension surface of the edge surface of the light shield-
ing member.
22. The sohid-state 1maging apparatus according to claim
19, further comprising;:
a sealing member sealing a gap on the light receiving
surface of the solid-state imaging device,
wherein the light shielding member 1s provided on a sur-
face of the sealing member facing the lens or a surface
thereof facing the solid-state imaging device.
23. The solid-state imaging apparatus according to claim
22,
wherein a side surface of the sealing member does not
intersect the virtual extension surface ol the edge surface
of the light shielding member.
24. The solid-state imaging apparatus according to claim
19,
wherein the light shielding member 1s formed by printing a
material for printing on an optical filter arranged on an
optical path once or plural times.
25. The solhid-state 1maging apparatus according to claim
18,
wherein the angle made between the edge surface of the
light shielding member and the optical axis 1s 50
degrees.
26. The solid-state imaging apparatus according to claim
18,
wherein the light shielding member 1s made of an antire-
flection film.
27. The solid-state imaging apparatus according to claim
26, wherein the light shielding member 1s colored black.
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28. The solid-state 1maging apparatus according to claim
26, wherein the light shielding member has UV curability or
heat curability.

29. The solid-state 1maging apparatus according to claim
28, wherein the light shielding member 1s made of a material
selected from the group consisting of a carbon filler, epoxy
resin or acrylic resin colored black with dye and an epoxy/
acrylic hybrid resin.

30. The solid-state imaging apparatus according to claim
19, further comprising;

an optical member arranged on an optical path between the
lens and the solid-state image device,

wherein the light shielding member 1s bonded to a surface
of the optical member facing the solid-state 1maging
device.

31. The solid-state 1maging apparatus according to claim

30, wherein the optical member 1s an 1nfrared ray cut filter.

32. The solid-state imaging apparatus according to claim
30, further comprising:

a bonding pad arranged on a peripheral portion of the
solid-state 1maging device excluding a light receiving
surface,

wherein the solid-state 1maging apparatus 1s configured to
satisfy the following expressions: 0M>arctan [ tan 6U+{
(D-20)/G], wherein OM 1s the angle made between the
edge surface of the light shielding member and the opti-
cal axis, OU 1s an incident angle of an upper ray, D 1s a
distance between the edge portion of the light receiving
surface and the bonding pad, o 1s a deviation from a
position 1n design of the light shielding member, and G
1s a gap length between the optical member and the
solid-state imaging device.

33. The solid-state imaging apparatus according to claim
22, wherein the sealing member 1s made of transparent mate-
rials transmitting light.

34. The solid-state imaging apparatus according to claim
33, wherein the sealing member 1s made of glass or resin.

35. A solid-state imaging apparatus comprising:

a solid-state 1imaging device photoelectrically converting
light taken by a lens; and

a light shielding member shielding part of light incident on

the solid-state imaging device from the lens,
wherein the light shielding member has an opening,
wherein a portion of the light shielding member 1s folded at

an angle 1n a direction of the solid-state imaging device,
and

wherein the portion of the light shielding member extends
a given distance from an edge of the opening of the light
shielding member.

36. The solid-state imaging apparatus according to claim
35, wherein an angle made between an edge surface of the
light shielding member and an optical axis direction of the
lens 1s larger than an 1ncident angle of light to be incident on
an edge portion of the light shielding member.

377. The solid-state 1maging apparatus according to claim
36,

wherein the angle made between the edge surface of the
light shielding member and the optical axis direction of
the lens 1s larger than the mncident angle of light whose
incident angle 1s the largest of light incident on the edge
portion of the light shielding member.

38. The solid-state imaging apparatus according to claim

37,

wherein pads to which metal wires connected to a substrate
are connected, are provided at an peripheral portion of a
light receiving surface of the solid-state imaging device,
and
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the pads are not arranged on an area closer to the light
receiving surface in areas defined by an intersection
between a surface of the solid-state imaging device and
a virtual extension surface of the edge surface of the light
shielding member.

39. The solid-state 1maging apparatus according to claim
37,

wherein the light recerving surface of the solid-state imag-

ing device recerves light incident from an opeming of a
substrate having the opening, and

an edge surface of the opening does not intersect the virtual

extension surface of the edge surface of the light shield-
ing member.

40. The solid-state imaging apparatus according to claim
377, turther comprising:

a sealing member sealing a gap on the light recerving

surface of the solid-state imaging device,

wherein the light shielding member 1s provided on a sur-

face of the sealing member facing the lens or a surface
thereof facing the solid-state imaging device.

41. The solid-state imaging apparatus according to claim
40, wherein a side surface of the sealing member does not
intersect the virtual extension surface of the edge surface of
the light shuelding member.

42. The solhid-state 1maging apparatus according to claim
3’7, wherein the light shielding member 1s formed by printing
a material for printing on an optical filter arranged on an
optical path once or plural times.

43. The solid-state 1maging apparatus according to claim
36, wherein the angle made between the edge surface of the
light shielding member and the optical axis 1s 50 degrees.

44. The solid-state imaging apparatus according to claim
35, wherein the light shielding member 1s made of an antire-
flection film.

45. The solid-state imaging apparatus according to claim
44, wherein the light shielding member has UV curability or
heat curability.

10

15

20

25

30

20

46. The solid-state 1maging apparatus according to claim
45, wherein the light shielding member 1s made of a material
selected from the group consisting of a carbon filler, epoxy
resin or acrylic resin colored black with dye and an epoxy/
acrylic hybrid resin.

4'7. The solid-state imaging apparatus according to claim
37, further comprising;

an optical member arranged on an optical path between the
lens and the solid-state 1image device, wherein the light
shielding member 1s bonded to a surface of the optical
member facing the solid-state imaging device.

48. The solid-state 1maging apparatus according to claim

4’7, wherein the optical member 1s an 1nfrared ray cut filter.

49. The solid-state imaging apparatus according to claim
4’7, turther comprising:

a bonding pad arranged on a peripheral portion of the
solid-state 1maging device excluding a light receiving,
surface,

wherein the solid-state imaging apparatus 1s configured to
satisfy the following expressions: 0M>arctan [ tan 6U+{
(D-20)/G], wherein OM 1s the angle made between the
edge surface of the light shuelding member and the opti-
cal axis, OU 1s an incident angle of an upper ray, D 1s a
distance between the edge portion of the light receiving
surface and the bonding pad, o 1s a deviation from a
position 1n design of the light shielding member, and G
1s a gap length between the optical member and the
solid-state 1maging device.

50. The solid-state 1maging apparatus according to claim
40, wherein the sealing member 1s made of transparent mate-
rials transmitting light.

51. The solid-state imaging apparatus according to claim
50, wherein the sealing member 1s made of glass or resin.
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